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Background 

1. Related Applications 

This application claims priority to United States Provisional Application Serial 
No. 60/390,510, filed June 21, 2002, and entitled, "System and Method for Using Surface 
Pressure Gradient Regulators to Control and Improve Fluid Flow Over the Surface of an 
5 Object," which is incorporated by reference in its entirety herein. 

2. Field of the Invention 

The present invention relates to external fluid flow across a blunt or streamlined 
body or object, and particularly, to a method and system for influencing and regulating 
the properties and characteristics of the fluid flow, and thus the fluid flow itself, across a 
10 fuselage, such as an aircraft or rocket fuselage, or across a similar body, such as an 
automobile, boat, ship, etc., which, in effect, reduces fluid separation from the body and 
optimizes the fluid flow, thus increasing the efficiency of the object. 

3. Background of the Invention and Related Art 

As an object moves through a fluid, or as a fluid moves over the surface of an 
15 object, the molecules of the fluid near the object become disturbed and begin to move 
about the object. As the fluid continues to move over the object's surface, those 
molecules adjacent the surface of the object have the effect of adhering to the surface, 
thus creating negative forces caused by the collision of these molecules with other 
molecules moving in the free stream. The magnitude of these forces largely depends on 
20 the shape of the object, the velocity of fluid flow with respect to the object, the mass of 
the object, the viscosity of the fluid, and the compressibility of the fluid. The closer the 
molecules are to the object, the more collisions they have. This effect creates a thin layer 
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of fluid near the surface in which velocity changes from zero at the surface to the free 
stream value away from the surface. This is commonly referred to as the boundary layer 
because it occurs on the boundary of the fluid. The collision of molecules at the surface 
of an object creates inefficient and unpredictable fluid flow, such as drag, and inevitably 
5 turbulence and vortexes. 

Most things in nature try to exist within a state of equilibrium. The same is true 
for fluid flow over the surface of objects found in natural environments. For example, 
during a wind storm over the dessert, or a snow storm over a field, or even the sand on 
the beach as the water flows over and over, evidence exists that a state of equilibrium 

10 between the fluid flow and the surface over which the fluid is flowing is trying to be 
reached. As conditions are not perfect and the flow must be less than completely 
laminar, the surface of these natural conditions forms several sequential ripples or ledges 
that indicate the fluid and the surface are reaching as close a state of equilibrium as 
possible. Just like in nature, manufactured conditions and situations are equally not able 

15 to reach perfect conditions of fluid flow. 

The study of aerodynamics over a surface has been extensive. However, over the 
years, the prevailing theory or idea has been that smoother or streamlined is better and 
operates to optimize fluid flow. As such, every conceivable manufactured device or 
system in which fluid passes over the surface of an object has been formed with the 

20 surface being as smooth and streamlined as possible. 

The fields of fluid dynamics and aerodynamics study the flow of fluid or gas in a 
variety of conditions. Traditionally this field has attempted to explain and develop 
parameters to predict viscous material's behavior using simple gradient modeling. These 
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models have enjoyed only limited success because of the complex nature of flow. Low 
velocity flow is easily modeled using common and intuitive techniques, but once the flow 
rate of a fluid or gas increases past a threshold, the flow becomes unpredictable and 
chaotic, due to turbulence caused by the interaction between the flowing material and the 
5 flow vessel. This turbulence causes major reductions in flow rate and efficiency because 
the flow must overcome a multi-directional forces caused by the turbulent fluid flow. 

Attempts to improve flow rate and efficiency, scientists and engineers have 
traditionally accepted the principle that the smoother the surface the material is passing 
over, the lower the amount of turbulence. Thus efforts by scientists and engineers to 

10 improve flow and efficiency rates have generally focused on minimizing the size of the 
surface features across which the material is flowing. Because the turbulence is caused by 
micro-sized surface features, efforts to minimize these them have always been limited by 
the technology used to access the micro-sized world. 

Turbulence occurs at the rigid body/fluid or gas interface also know as the 

15 boundary layer. The flowing material behaves predictably i.e. in a laminar fashion, as 
long as the pressure down flow remains lower than the pressure up flow. Generally as the 
rate of flow increases the pressure also increases, and the pressure gradient in the 
boundary layer becomes smaller. After a certain threshold is achieved, the flow closer to 
the rigid body is much slower than the flow outside the boundary layer, thus the pressure 

20 directly in the orthogonal direction from the rigid body is less than the pressure down 
flow. This causes the kinetic energy of the molecules in the boundary layer to move in 
the direction of the lowest pressure, or away from the rigid body. This change in the 
direction of the material, from moving in the direction of flow to moving across the 
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direction of flow in the boundary layer creates vortices within the boundary layer and 
along the rigid body. These vortices create drag because the direction of flow as well as 
the kinetic energy of the particles is not in the down flow direction alone, but in a variety 
of directions. As a result, large amounts of energy are required to overcome the drag 
5 force, lowering the flow rate and efficiency. 

Developments in the past few decades have improved on the traditional 
understanding of flow over a rigid body, resulting in advances in mathematical and 
computer modeling, as well as improved theoretical understanding of a material's 
behavior under non-ideal circumstances. Most of these advances have focused on 

10 improving the flow surface. 

One such example of an improved flow surface is to use a rough flow surface that 
creates myriad miro-vortices much like a shark's skin or sand paper. It is thought that 
these small turbulence zones inhibit the creation of larger and more drag creating 
vortices. While these rough materials have been used in advanced racing yacht hulls as 

15 well as in swimming suite materials, there is still not a large improvement over smooth 
surfaces. Thus the state of the art is still struggling to understand turbulent flow beyond 
specific equations, and applications are still slowed by the drag and inefficiency caused 
by the turbulent flow. 

Summary and Objects of the Invention 

20 The present invention seeks to offer a solution to much of the fluid flow problems 

across the surfaces of the several different types of fuselages and/or moving bodies as 
encountered in both controlled and natural environments as discussed above. In its most 
general theoretical description, the present invention features a fluid flow regulator that 
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functions to significantly influence fluid flow across the surface of a fuselage or moving 
body. More specifically, the present invention fluid flow regulator functions to 
significantly regulate the pressure gradients that exist along the surfaces of a fuselage or 
moving body subject to either liquid or gaseous fluid and its flow. The controlled 
5 regulation of pressure gradients is accomplished by reducing the pressure drag at various 
locations along the surfaces, as well as the pressure drag induced forward and aft of the 
fuselage or body, via a pressure recovery drop. Reducing the pressure drag in turn 
increases pressure recovery or pressure recovery potential, which pressure recovery 
subsequently lowers the friction drag along the surfaces. By reducing or lowering 

10 friction drag, the potential for fluid separation is decreased, or in other words, attachment 
potential of the fluid is significantly increased. All of these effects may be appropriately 
and collectively phrased and referred to herein as optimization of fluid flow, wherein the 
fluid flow, its properties and characteristics (e.g., separation, boundary layer, laminar vs. 
turbulent flow), and its relationship to the fuselage or body are each optimized, as well as 

15 the performance of the fuselage subject to the fluid flow. 

The present invention describes a method and system for controlling the flow of a 
fluid over the surface of an object to improve the fluid flow by introducing at least one, 
and perhaps a plurality of, depending upon environmental conditions, fluid flow 
regulators that serve to regulate pressure, and to reduce the magnitude of molecule 

20 collision occurring within the fluid near the surface of the object, thus reducing turbulent 
flow or increasing laminar flow and reducing fluid separation. This is accomplished by 
controlling or regulating the pressure at any given area or point on the surface of the 
object using the fluid flow regulator. Likewise, the pressure may be regulated and fixed 
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at a certain value depending upon the conditions under which the object is operating. 
Being able to regulate the pressure at any given area or areas on the surface of an object 
over which fluid may pass will provide for the direct regulation of velocity, density, and 
viscosity of the fluid as well. Controlling these parameters will allow the flow to be 
5 optimized for any conceivable condition or environment. 

It is contemplated that the present invention is applicable or pertains to any type 
of fluid, such as gaseous fluids and liquids. For purposes of discussion, gaseous fluids, 
namely air, will be the primary focus. 

In accordance with the invention as embodied and broadly described herein, the 

10 present invention further features a fluid control system and method for controlling the 
fluid flow over the surface of an object to optimize the flow of the fluid and to reduce its 
disruptive behavior. The fluid flow control system of the present invention utilizes one 
or more fluid flow regulators, or pressure gradient regulators, to create a sub-atmospheric 
barrier or a reduced pressure shield along the surface of an object, wherein the molecules 

15 of the boundary layer are unable to sufficiently adhere to the surface and collide with 
other molecules to create inefficient fluid flow. As such, these molecules flow across or 
over the surface of the object in a more efficient manner than known standard 
aerodynamic surfaces. 

In a preferred embodiment, the fluid flow control system comprises: a fluid 

20 flowing at an identifiable velocity and pressure and having a specific density; an object 
having an identifiable surface area comprising the object's surface, wherein the fluid flow 
is introduced to and flows across at least a portion of the object's surface; and at least one 
fluid flow regulator formed within the object's surface, wherein a surface pressure may 
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be regulated at any point along said surface, and wherein the fluid flow regulator 
comprises a drop point and a drop face extending from the drop point at a substantially 
perpendicular angle from the object's surface and existing in the direction of flow of said 
fluid to create a sub-atmospheric barrier, the fluid flow regulator designed to induce a 
5 sub-atmospheric barrier at the pressure gradient regulator on the object's surface, the 
fluid flow regulator ultimately causing a reduction of turbulence in and an increase in 
laminar flow of the fluid across the object's surface. 

In an alternative embodiment, the fluid control system comprises a fluid flowing 
at an identifiable velocity and pressure; a first surface existing in a first plane and 
10 comprising a surface area, wherein the fluid flows across at least a portion of the first 
surface; a second surface also comprising a surface area, the second surface existing in a 
second plane that is offset from the first plane in a substantially parallel relationship, 
wherein the second surface extends from the first surface in the direction of flow of the 
fluid; and a fluid flow regulator relating the first surface to the second surface and 
15 comprising similar elements as described above, as well as the drop face of the pressure 
gradient regulator extends from the first surface at a substantially perpendicular angle. 

The present invention further features a method for controlling the flow of a fluid 
over the surface of an object comprising the steps of obtaining an object subject to fluid 
flow, the object having one or more fluid carrying surfaces over which a fluid passes; and 
20 forming one or more fluid flow regulators in the fluid carrying surfaces, wherein the fluid 
flow regulators comprise similar elements and features as described above. 

With proper selection of the design parameters of the one or more fluid flow 
regulators, the resulting disturbances in the laminar boundary at the surface of an object 
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can be decreased so that boundary layer separation as described above, relative to where 
the separation would have occurred in the absence of a fluid flow regulator, may be 
virtually eliminated. The surface pressure gradient allows the pressure at any area on a 
surface to be regulated with the goal of achieving less turbulent and more laminar fluid 
5 flow across and leaving the surface of the object. 

The present invention is applicable to any fuselage or moving body subject to 
fluid flow. In several preferred and exemplary embodiments, the present invention 
comprises or features one or more fluid flow regulators featured within an airplane 
fuselage, a rocket fuselage, an automobile body, a boat or ship hull, a helmet, and any 
10 others, wherein the fluid flow regulator is positioned preferably about one or more 
surfaces subject to fluid flow. 

Brief Description of the Drawings 
In order that the manner in which the above-recited and other advantages and 
features of the invention are obtained, a more particular description of the invention 
15 briefly described above will be rendered by reference to specific embodiments thereof 
which are illustrated in the appended drawings. Understanding that these drawings depict 
only typical embodiments of the invention and are not therefore to be considered limiting 
of its scope, the invention will be described and explained with additional specificity and 
detail through the use of the accompanying drawings in which: 
20 Figure 1 illustrates an isometric cross-section of an object having a surface and 

one or more fluid flow regulators therein; 

Figure 2-A illustrates a side cross-sectional view of an object having a surface and 
one or more fluid flow regulators therein; 
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Figure 2-B illustrates a side cross-sectional view of an object having a surface and 
one or more fluid flow regulators therein, wherein said fluid flow regulator comprises a 
pressure recovery drop having a plurality of drop faces; 

Figure 2-C illustrates the touch and go phenomenon created by the present 
5 invention fluid flow regulators; 

Figure 3- A illustrates a side cross-sectional view of an object having a 
streamlined surface and the pressure gradients or pressure drag existing along the surface; 

Figure 3-B illustrates a side cross-sectional view of an object having a surface and 
one or more fluid flow regulators therein, as well as the pressure gradients or pressure 
1 0 drag existing along the surface; 

Figure 3-C illustrates a side cross-sectional view of an object having a surface and 
one or more fluid flow regulators therein, as well as the flow of fluid over the surface and 
the generated sub-atmospheric barrier; 

Figure 4 illustrates a side cross-sectional view of a plurality of fluid flow 
15 regulators situated along the surface of an object and the direction of airflow with respect 
to the fluid flow regulators; 

Figure 5 illustrates a side cross-sectional view of a removable or detachable fluid 
flow regulator device capable of attaching or adhering to a surface to provide one or more 
fluid flow regulators thereon; 
20 Figure 6 illustrates an isometric cut away view of a surface having a plurality of 

fluid flow regulators thereon arranged in several different orientations with respect to 
fluid flow; 
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Figure 7-A illustrates a side cross-sectional view of one exemplary embodiment 
of a plurality of dynamic fluid flow regulators showing how the fluid flow regulators may 
be adjustable to accommodate varying conditions or fluid behavior across the surface of 
an object; 

5 Figure 7-B illustrates a side cross-sectional view of another exemplary 

embodiment of a plurality of dynamic fluid flow regulators showing how the fluid flow 
regulators may be adjustable to accommodate varying conditions or fluid behavior across 
the surface of an object; 

Figure 8 illustrates a cut-away view of one exemplary embodiment of a fuselage 
10 comprising or featuring a plurality of fluid flow regulators; 

Figure 9-A illustrates a top view of a prior art general fuselage body having a 
streamlined surface that induces an active fluid flow pattern about the fuselage body; 

Figure 9-B illustrates a top view of the general fuselage body of Figure 9-A, 
instead comprising a plurality of fluid flow regulators along its outer surface that reduce 
15 the fluid activity about the fuselage body by regulating the pressure gradients acting on 
the surface; 

Figure 10- A illustrates a plan view of a fuselage according to one exemplary 
embodiment; 

Figure 1 1 illustrates an exemplary airplane fuselage comprising or featuring a 
20 plurality of fluid flow regulators arranged according to one exemplary embodiment of the 
present invention; 
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Figure 12 illustrates a top view of an airplane and airplane fuselage comprising or 
featuring a plurality of fluid flow regulators arranged according to one exemplary 
embodiment of the present invention; 

Figure 13 illustrates an exemplary automobile comprising or featuring a plurality 
5 of fluid flow regulators about its surfaces arranged according to one exemplary 
embodiment of the present invention; 

Figure 14 illustrates an exemplary boat hull comprising or featuring a plurality of 
fluid flow regulators arranged according to one exemplary embodiment of the present 
invention; and 

10 Figure 15 illustrates an exemplary rocket or missile fuselage comprising or 

featuring a plurality of fluid flow regulators arranged according to one exemplary 
embodiment of the present invention. 

Detailed Description of the Preferred Embodiments 
It will be readily understood that the components of the present invention, as 

15 generally described and illustrated in the figures herein, could be arranged and designed 
in a wide variety of different configurations. Thus, the following more detailed 
description of the embodiments of the system and method of the present invention, and 
represented in Figures 1 through 15, is not intended to limit the scope of the invention, as 
claimed, but is merely representative of the presently preferred embodiments of the 

20 invention. The presently preferred embodiments of the invention will be best understood 
by reference to the Figures, wherein like parts are designated by like numerals 
throughout. 
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The following more detailed description will be divided into several sections for 
greater clarity and ease of discussion. Specifically, the following more detailed 
description is divided into three sections. The first section pertains to and sets forth a 
general discussion on improving and regulating external fluid flow over any object 
5 surface using the present invention systems and methods presented herein. The second 
section pertains to and sets forth a specific description of one exemplary object and 
surface employing the fluid flow regulating system and method of the present invention 
as set forth herein, namely a fuselage, such as a rocket or aircraft fuselage, along with 
some initial examples that detail the procedure and conditions of various tests or 

10 experiments conducted and the results of these tests. The third section briefly pertains to 
and sets forth a specific description of other exemplary moving bodies employing the 
fluid flow regulating system and method of the present invention as set forth herein, 
namely automobiles, boats and ships, and any other similar bodies. These sections and 
the descriptions and embodiments within these sections, are not to be construed as 

1 5 limiting in any way, but are provided for the ease and convenience of the reader. 

Influencing, Regulating, and Improving Fluid Flow Over any Object's Surface 
The present invention seeks to provide new insight into the complex nature of 
fluid flow over an object's surface, and particularly external fluid flow, such as air or 
liquid fluid flow. Specifically, the present invention seeks to provide a shifting or 

20 altering of the current conceptual understanding of fluid flow over a surface by 
presenting various methods and systems that significantly improve, influence, and 
regulate fluid flow over the surface of an object, namely in terms of the mechanics, 
behavior, and characteristics of the fluid flow. Stated differently, the concepts underlying 
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the systems and methods of the present invention, as well as the systems and methods 
themselves, as set forth herein, denote and suggest a profound paradigm shift from 
traditional and current thinking and concepts pertaining to fluid flow over an object's 
surface, and particularly pertaining to the common conception that streamlined or smooth 
5 surfaces are the best way to achieve optimal fluid flow and peak performance of the 
object or body in the flow. Having said this, although significantly altering current 
thinking, the present invention seeks to further the understanding of fluid flow and is 
designed to be utilized in conjunction with several of the technological developments and 
concepts relating to fluid flow that have developed over the years. As such, it is 

10 contemplated that the present invention will both frustrate and augment or supplement 
current fluid flow concepts and technology, depending upon their applicability to the 
present invention technology. 

As discussed above, the study of fluid flow over the last several decades has been 
immense, with new ideas and technologies developing at a rapid pace. However, as also 

15 discussed above, one core fundamental concept regarding fluid flow over an object's 
surface, upon which mass of studies and development of technology has been based, has 
always been assumed - that a smooth or streamlined surface is the best possible surface 
for achieving optimal fluid flow. However, as is shown herein, it is believed that this 
core fundamental concept is somewhat flawed, and that it is upon this basis that the 

20 present invention seeks to offer or presents a paradigm shift in the complex field of 
external fluid mechanics. Simply stated, the present invention will allow the design of 
objects, bodies, devices, and systems otherwise thought to be optimal to be improved 
upon. 
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Typically, an object that is moving through a fluid or that has a fluid passing over 
it experiences different types of aerodynamic forces. As the fluid flows over the object, 
the molecules in the fluid are disturbed and try to move around the object so that they can 
equalize themselves once again. Aerodynamic forces and their magnitude are dependent 
5 upon several factors, as discussed herein. However, two very important factors are the 
viscosity of the fluid and the compressibility of the fluid. In regards to viscosity, as fluid 
passes over the surface of an object a boundary layer is created. This boundary layer acts 
as a molecular barrier of fluid particles between the free flowing fluid and the object 
surface. The boundary layer may separate from the surface and may also contribute to 

10 the drag forces on the object. 

Drag forces manifest themselves in the form of pressure drag forces (pressure 
drag) and friction drag forces (friction drag), which are both related to one another. 
Friction drag results from the friction between the molecules in the fluid and the 
molecules in the surface as the fluid passes over the surface. Pressure drag is generated 

15 by the eddying motions that are created in the fluid by the passage of the fluid over the 
object. Pressure drag is less sensitive to the Reynolds number of the fluid than friction 
drag. Although both pressure and friction drag are directly related to the viscosity of the 
fluid, it is useful to define each of these and their characteristics because they each are the 
result of different flow phenomena. Frictional drag is more of a factor during attached 

20 flow where there is little or no separation and it is related to the surface area exposed to 
the fluid flow. Pressure drag is an important factor when discussing and analyzing 
separation and its starting points and is related to the cross-sectional area of the object. 
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The compressibility of the fluid is also important. As fluid passes over the 
surface of an object, the molecules in the fluid move around the object. If the fluid is 
dense, such as water, the density will remain constant, even at higher velocities. If the 
fluid is not as dense, such as with air, the density will not remain constant (except at low 
5 speeds - typically less than 200 mph). Instead, the fluid will become compressed, thus 
changing the density of the fluid. As the density changes, the forces induced upon the 
object by the fluid will also change. This is even more true at higher velocities. 

In its broadest implication, or in its highest level of abstraction, the present 
invention describes a method and system for influencing and regulating fluid flow, 

10 namely its properties or characteristics and behavior, over an object's surface, wherein 
the system comprises one or more fluid flow regulators strategically designed and 
positioned along the surface of the object. The method comprises introducing or 
incorporating or featuring one or more fluid flow regulators onto/into/with the object's 
surface, by creating a surface featuring a fluid flow regulator, or altering an existing 

15 surface to comprise one or more fluid flow regulators. In a preferred embodiment, the 
fluid flow regulator comprises a Dargan™ fluid flow regulator having a Dargan™ drop, 
that induces or generates a Dargan™ barrier, which technology is designed and owned by 
Velocity Systems, Ltd. of Salt Lake City, Utah 841 1 1 . 

With reference to Figures 1 and 2, shown is an isometric view and a side view, 

20 respectively, of a segment of an object 12 having a surface 14 thereon. Incorporated into 
surface 14 is a fluid flow regulator 10 designed to both influence, control, and regulate 
the flow of fluid 2 (indicated by the direction arrow in each of the Figures herein) over 
surface 14 of object 12. Structurally, fluid flow regulator 10 comprises a leading edge 
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18, a trailing edge 22, and a pressure recovery drop 26 strategically placed at an optimal 
pressure recovery point 34, so as to induce or create a sub-atmospheric barrier 38 at its 
base. Pressure recovery drop 26 comprises one or more drop faces 30 therein. 

Leading edge 18 is an area of surface or surface area existing on surface 14 that 
5 leads into a pressure recovery drop 26, or a Dargan drop, that is positioned as close to an 
optimal pressure recovery point 34, as possible. An optimal pressure recovery point is 
defined herein as the point along surface 14 at which flow separation begins. As such, 
depending upon different conditions and situations, there may be one or a plurality of 
optimal pressure recovery points along one particular surface, thus calling for one or a 

10 plurality of fluid flow regulators 10 (see Figure 4). It could also be said that leading edge 
1 8 is a surface area that extends outward in a rearward direction from the top of drop face 
30 of pressure recovery drop 26 an identified distance, or that leading edge 18 is a surface 
area that precedes pressure recovery drop 26, each with respect to the direction of fluid 
flow. Leading edge 18 may be of any size and shape as desired or called for as dictated 

15 by design parameters. However, it should be noted that leading edge 18 must be of 
sufficient length to receive fluid flow 2 thereon, or contribute to the flow of fluid on 
surface 14. 

Pressure recovery drop 26 is part of or is an extension of surface 14 and leading 
edge 18. Structurally, pressure recovery drop 26 is preferably orthogonal and comprises 
20 a surface area or drop face 30 that is perpendicular or substantially perpendicular to 
leading edge 18, and preferably ninety degrees 90° perpendicular. Pressure recovery 
drop 26 extends perpendicularly in a downward direction from leading edge 1 8 so that it 
comprises an identified and pre-determined height. In other words, pressure recovery 
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drop extends between leading edge 18 and trailing edge 22 and exists or is postured in a 
sub-fluid arrangement, such that the fluid 2 will always encounter pressure drop 26 from 
leading edge 18 and fall off of drop face 30. This is true no matter how surface 14 is 
oriented (e.g., horizontal, vertical, on an angle, etc.). Fluid flow in the opposite direction 
5 so that it flows up pressure recovery drop 26 is not intended and is contrary to the present 
invention. 

Pressure recovery drop 26 is positioned at or as precisely proximate an optimal 
pressure recovery point 34 as possible, the reason being explained in detail below. The 
distance that pressure recovery drop 26 extends from leading edge 18, or the height of 

10 drop face 30 is critical. The greater the height, the greater the pressure drop and the more 
pressure drag is reduced, which leads to an increase in pressure recovery at the surface 
and greater reduction in friction drag. All of this functions to increase the fluid 
attachment potential, or stated another way, reduce the separation potential of the fluid. 
Conversely, the shorter the height of drop face 30, the less pressure drag is reduced. The 

15 less pressure drag is reduced, the less pressure recovery there will be at the surface, 
which subsequently leads to less fluid attachment potential. Therefore, the height of drop 
face 30 is specifically calculated for every fluid flow situation that an object might 
encounter, which drop face height is pre-determined prior to or during fluid flow. The 
calculation of the height of drop face 30 is based upon several design, fluid, and other 

20 physical factors, as well as on several environmental conditions. Some of these factors or 
conditions include the particular type of fluid flowing over the object's surface, the 
velocity of fluid, the viscosity of fluid, the temperature of fluid, the direction of the flow 
of the fluid, the type and texture of the surface, the geometric area of the object's surface 
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both before and after the pressure recovery drop, the magnitude or range of pressure 
existing on object's surface, the orientation of the object within or with respect to the 
fluid, and any others. For example, the height of drop face 30 may not need to be as high 
if the surface is a prop or boat hull traveling through water because the pressure recovery 
5 will be quick. On the other hand, for similar flow properties and/or characteristics of an 
object flowing through air, the height of drop face 30 may be much greater to achieve the 
same optimal flow characteristics as the pressure recovery will be slower as compared to 
the pressure recovery along an object's surface in water. Thus, from this it can be seen 
that drop face 30 is, among other things, very density dependent. Pressure recovery drop 

10 26 may also be variable in that it's height may be adjustable to account for changing or 
varying factors/conditions. This is especially advantageous because external flow exists, 
for the most part, within an uncontrolled environment where the properties and 
characteristics of the fluid are volatile and may change or vary in response to changing 
conditions or other influencing factors, such as the presence, speed, size, and shape of an 

15 object. 

Trailing edge 22 is similar in structure to leading edge 18, only instead of 
preceding pressure recovery drop 26, trailing edge 22 follows pressure recovery drop 26 
with respect to the direction of fluid flow so that fluid flow 2 passes over leading edge 18, 
then pressure recovery drop 26, and then finally trailing edge 22. Trailing edge 22 
20 extends outward in a forward direction from pressure recovery drop 26, and particularly 
from the bottom of drop face 30. Just like leading edge 18, trailing extends an identified 
distance and provides a trailing flow boundary for said fluid. Both leading edge 18 and 



Page 19 of 70 



trailing edge 22 are defined in relation to the direction of fluid flow (represented by the 
arrows). 

In the embodiment shown in Figures 1 and 2, leading edge 18 and trailing edge 22 
are integrally formed with surface 14 so that they are actually part of surface 14. Other 
5 embodiments, shown and described below, are presented herein where leading edge 
and/or trailing edge are not integrally formed with surface 14. Moreover, Figures 1 and 2 
illustrate only a single fluid flow regulator 10, wherein the present invention 
contemplates the use of one or a plurality of such regulators along a single surface, 
depending upon several factors, including design requirements of the object, fluid flow, 

1 0 fluid type, environmental factors, and any others relating to fluid flow over a surface. 

As stated above, the present invention recognizes what may be termed as an 
optimal pressure recovery point 34. Optimal pressure recovery point 34 is defined herein 
as the point(s) or location(s) about surface 14 at which there is an imbalanced or unequal 
pressure gradient forward and aft of fluid 2, thus creating adverse pressure within internal 

15 flow device 12, which adverse pressure gradient induces friction and pressure drag that 
ultimately increases the separation potential of fluid 2. As such, the presence of adverse 
pressure signals less than optimal flow. The location of each optimal pressure recovery 
point is a calculated determination that dictates the placement of fluid flow regulators 10. 
Since fluid flow may separate at various locations, surface 14 may comprise 

20 several optimal pressure recovery points 34. As fluid 2 travels over surface 14 of object 
12 it possesses identifiable or quantifiable characteristics and parameters with regards to 
its velocity, drag ratio, pressure, density, viscosity, and others. These are largely 
determined by the existing environmental conditions, as well as the particular design 
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parameters and characteristics of the object and its surface, such as shape, size, texture, 
and other aerodynamic or design factors. Thus, as fluid 2 flows over surface 14, these 
parameters are defined. However, at the same time they are continuously changing as 
dictated by the same factors. Thus, fluid 2 will possess certain characteristics, properties, 
5 and behavior just prior to its introduction across surface 14 of object 12. Once introduced 
to object 12, fluid 2 will undergo many influencing forces caused by the moving or 
dynamic object 12 passing through fluid 2 or fluid 2 passing over a stationary object 12. 
These influencing forces will, among other things, disrupt the equilibrium of the fluid, 
induce pressure differentials or gradients, and cause fluid separation; and all along 

10 surface 14, fluid 2 will try to compensate and stabilize or equalize itself. This disruption 
is even more evident as fluid 2 leaves surface 14. Often, leaving surface 14 will induce 
the greatest amount of disruption or turbulence in fluid 2 as the fluid must abruptly leave 
a surface to which it is trying to adhere. During this transitional period from the time a 
fluid exists prior to introduction to an object, to the time the fluid is passing over or 

15 through the surface, to the time the fluid leaves the surface of the object has been the 
focus of years of study and experimentation. As discussed above, significant strides in 
these areas have been made, but serious problems associated with boundary layers, fluid 
separation, pressure equilibrium, drag, and turbulent vs. laminar flow still remain. 

With reference to Figures 2-A, 2-B, and 2-C, and particularly 2-C, shown is an 

20 exemplary object 12. Figure 2-C illustrates the effective "touch and go" or pulse flow 
phenomenon created by fluid flow regulators . 10 featured over surface 14 of object 12. 
Specifically, Figure 2-C illustrates a cross-sectional view of object 12. As can be seen, 
fluid 2 flows over surface 14 initially at front surface 15 and leaves at trailing surface 17. 
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What happens between as fluid 2 passes over surface 14 of object 12 is unique to the 
present invention. As fluid 2 initially contacts front surface 15, it begins its flow across 
surface 14, wherein various fluid dynamic forces act upon fluid 2, thus inducing a state of 
imbalance within fluid 2. This imbalance induces an adverse pressure gradient that, if 
5 left unregulated, will cause fluid 2 to detach from surface 14 and become very turbulent. 
As such a fluid flow regulator 10 is precisely positioned at an optimal pressure recovery 
point 34. Optimal pressure recovery point 34 is defined herein as a location about surface 
14 at which attached fluid comprises a pressure differential that generates an adverse 
pressure gradient acting to induce fluid separation. 

10 As such, optimal pressure recovery points 34 are pre-determined and defined for 

each object and for each intended operating condition. Moreover, a fluid flow regulator 
10 is never randomly positioned, but instead strategically placed at an optimal pressure 
recovery point. Thus, first fluid flow regulator 10-a of Figure 2-C in the direction of fluid 
flow is correctly positioned at optimal pressure recovery point 34-a as this location will 

15 provide the ability to regulate the pressure gradient in fluid 2 as needed. 

To regulate the inherent pressure gradient, first fluid flow regulator 1 0-a performs 
a pressure recovery function. As fluid 2 contacts front surface 15 and travels about 
surface 14 it encounters fluid flow regulator 10-a comprising a pressure recovery drop 
26-a and drop face 3 0-a. As fluid passes over pressure recovery drop 26-a it encounters 

20 sub-atmospheric barrier 38-a. Because this is a low pressure barrier, fluid 2 literally 
drops off of pressure recovery drop 26 and contacts surface 14 as indicated by the arrows. 
The fluid then briefly detaches from surface 14 (indicated by the upward arrows) and 
then subsequently reattaches almost instantaneously, wherein fluid 2 is re-energized. 
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This "touch and go" phenomenon functions to recover pressure at the optimal pressure 
recovery point 34-a, wherein the pressure gradient is reduced and the pressure differential 
cured. All of this effectually allows fluid 2 to continue in an attached state, as well as in 
a returned state of equilibrium. The drop in pressure is made instant so that the adverse 
5 dynamic forces acting on fluid 2 may be overcome and eliminated. 

It is recognized that fluid 2 may still comprise somewhat of a pressure differential 
downstream from fluid flow regulator TO-a. In addition, it is recognized that fluid flow 
conditions within an internal flow device may change or vary. Therefore, object 12, and 
particularly surface 14, may comprise or feature several optimal pressure recovery points 

10 34 requiring a plurality of fluid flow regulators. In this case, it becomes necessary to 
determine the location of subsequent optimal pressure recovery point(s) 34, shown as 
pressure recovery point 34-b. The location of second optimal pressure recovery point 34- 
b downstream from primary or first optimal pressure recovery point 34-a is also pre- 
determined and comprises a calculated location determined preferably as follows. Once 

15 fluid 2 passes over primary optimal pressure recovery point 34-a it briefly separates, then 
reattaches in a re-energized state as discussed above. However, if pressure gradients 
remain in fluid 2 these must be equalized or the flow of fluid 2 within internal flow 
device is not truly optimal or optimized. As such, second fluid flow regulator 10-b is 
placed at optimal pressure recovery point 34-b. The location of second pressure recovery 

20 point 34-b is located at a location at least past the point at which fluid 2 re-attaches after 
encountering and passing over fluid flow regulator 10-a and pressure recovery drop 26-a. 
If second fluid flow regulator 10-b is placed at a location on surface 14 encountered by 
fluid 2 prior to it reattaching to surface 14, then the disruption in fluid 2 is only 
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exacerbated and the fluid will be significantly less than optimal. This is because as fluid 
2 drops over first or primary pressure recovery drop 26-a and detaches from surface 14, it 
suddenly expends its energy stored within the molecules making up fluid 2. This energy 
is retrieved as fluid 2 reattaches to surface 14. If second fluid flow regulator 10-b is 
5 placed at a location where the fluid is in this detached state, the second drop in pressure 
would induce a significant adverse pressure gradient that would cause the fluid to eddy 
and become extremely turbulent. As such, second fluid flow regulator 10 should be 
placed at at least a location, such that at the time fluid 2 encounters second fluid flow 
regulator 10-b it is reattached and re-energized. At such an optimal location, fluid 2 may 

10 then pass over second fluid flow regulator 10-b with the same results as discussed above 
as it passed over first fluid flow regulator 10-a. This continuous "touch and go" 
phenomenon may be repeated as often as necessary until fluid 2 is in its maximized 
optimal state of attached flow. By providing multiple fluid flow regulators, the flow of 
fluid 2 may be said to be "pulsed," or rather object 12 comprises pulsed fluid flow about 

1 5 its surface(s) caused by the sudden and multiple pressure recovery drops. 

The present invention functions to significantly improve fluid flow over a surface 
of an object and to eliminate the problems of prior art aerodynamic surfaces intended to 
encounter fluid flow. Although not all properties, functions, characteristics, parameters, 
relationships, and effects are entirely understood, the present invention seeks to set forth 

20 a unique way of influencing the behavior of fluid over a surface. In the present invention, 
as fluid 2 flows over at least a portion of surface 14 it is disrupted from its current 
existing and substantially equalized state. Most likely, due to several factors, the fluid 
will become more turbulent as the molecules of the fluid interact with and pass over the 
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molecules of surface 14. An increase of turbulence typically means an increase of 
pressure drag leading to a decrease in velocity of the fluid, as well as an increase in the 
density and viscosity of the fluid. However, the present invention is designed to reduce 
this disruption, and thus the turbulence, of the fluid by reducing the overall pressure drag 
5 and friction drag. Reducing each of these will significantly increase the pressure 
recovery potential of the surface, which will, in turn, increase the attachment potential of 
the fluid (or decrease the potential for separation of the fluid). Increasing the attachment 
potential functions to create a much more laminar and efficient flow of fluid 2 over 
surface 14. 

10 To accomplish the functions just described, object 12, and particularly surface 14 

has formed therein at least one, and preferably a plurality of, fluid flow regulators 10. 
Thus, as fluid 2 flows across surface 14, it encounters fluid flow regulators 10, and 
particularly pressure recovery drop 26. At this precise point or location, which is shown 
as optimal pressure recovery point 34, there is a significant and immediate or sudden 

15 reduction in pressure or drop in pressure caused or induced by fluid flow regulator 10, 
and particularly pressure recovery drop 26, such that fluid 2 essentially drops over or falls 
off of pressure recovery drop 26, which results in a significant reduction in pressure drag. 
This sudden drop in pressure creates a sub-atmospheric barrier or shield 38 directly at the 
base of pressure recovery drop 26. Sub-atmospheric barrier 38 is a low pressure area that 

20 essentially creates a barrier or cushion between surface 14 and fluid 2. This barrier is 
created and exists directly adjacent drop face 30 where it is the strongest. The farther 
away from pressure recovery drop 26 along surface 14, barrier 38 decreases as is 
illustrated by the tapering off of barrier 38 as the distance from pressure recovery drop 26 
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increases. Essentially what is happening is that the sudden drop in pressure that occurs at 
pressure recovery drop 26 is the greatest, thus creating the strongest barrier. As the 
distance away from pressure recovery drop 26 increases in the direction of fluid flow, the 
pressure on surface 14 begins to increase and sub-atmospheric barrier 38 begins to 
5 dissipate or diminish. At the instance of sudden pressure drop, the pressure coefficient (a 
non-dimensional form of the pressure defined as the difference of the free stream and 
local static pressures all divided by the dynamic pressure) at the base of drop face 30 is 
increased. As stated, sub-atmospheric barrier 38 is a low or reduced pressure area. It's 
function or effect is to decrease the molecular activity occurring between the molecules at 

10 surface 14, the boundary layer, and those existing within the free stream of fluid 2. This 
reduction in molecular activity may be described as a reduction in the kinetic energy of 
the molecules, which kinetic energy increases the tendency of the molecules present 
within fluid 2 to adhere or stick to surface 14, a phenomenon commonly referred to as 
skin friction drag, surface viscosity, or friction drag. These forces are directly related to 

15 the surface texture, the molecular movement and interaction at the surface of an object, as 
well as the magnitude of turbulence experienced by the fluid across the surface, and 
contribute to such phenomenon as vortices, a problem often associated with aircraft 
flight. 

Sub-atmospheric barrier 38 comprises a low pressure area of fluid molecules 
20 possessing decreased kinetic energy. The decrease in kinetic energy is a result of the 
sudden drop in pressure induced at or by pressure recovery drop 26. These low energy 
molecules effectively provide a barrier between the higher or more energetic molecules in 
the free stream of fluid and the molecules of the surface. Stated another way, sub- 
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atmospheric barrier 38 functions to cushion the more energetic molecules in the free 
stream from the molecules in the surface of the object. What results is a much for 
laminar flow and an increase in attachment potential, or decrease in separation potential 
because the fluid is in a greater state of equilibrium. 
5 The present invention fluid flow regulator 10 may also be termed a surface 

pressure gradient regulator because of its ability to regulate or control or influence 
pressure gradients along the surface of an object, as well as pressure drag and pressure 
recovery across surface 14. It is a well know fact that a fluid will follow the path of least 
resistance. The pressure gradient regulator allows us to regulate the pressure fields at the 

10 boundary layer of any said surface. This manipulation of pressures will allow us to 
manipulate the flow field of a fluid in motion around an object. The ability to regulate 
pressure drag stems from the sudden pressure drop at the optimal pressure recovery point 
34, which pressure drop induces or creates a sub-atmospheric barrier 38 that functions to 
improve the flow of a fluid across surface 14 of object 12. Specifically, the present 

15 invention sub-atmospheric barrier 38 improves fluid flow by reducing pressure and 
friction drag and turbulence. This is accomplished by creating a cushion of low pressure 
that reduces the degree and intensity of molecule collisions occurring at the boundary 
layer that leads to separation of the fluid from surface 14. Thus, as a fluid 2 passes over 
each of the small, strategically placed, fluid flow regulators 10, there will be experienced 

20 a significant and sudden drop in pressure of fluid 2, resulting in an increase in the 
pressure coefficient. Naturally, as the pressure drops at pressure recovery drop 26, there 
is experienced an increase in the velocity of fluid 2, wherein this increase in velocity 
naturally results in a decrease in the density of fluid 2. This decrease in density at the 
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boundary layer, functions to reduce the number of molecules capable of colliding with 
the molecules existing within the free stream of fluid 2 at the boundary layer. 
Subsequently, this reduction in experienced molecule collisions at the boundary layer 
reduces separation of fluid 2 and improves the overall efficiency of the flow of fluid 2, 
5 thus decreasing drag and turbulence, and ultimately creating a much more efficient 
aerodynamic surface. 

Figure 2-B illustrates a side cross-sectional view of an object 12 having a surface 
14 and one or more fluid flow regulators 10 therein, wherein said fluid flow regulator 10 
comprises a pressure recovery drop 26 having a plurality of drop faces therein, shown as 

10 drop faces 30-a and 30-b. In this embodiment, fluid flow regulator 10 induces multiple 
pressure drops creating sub-atmospheric barriers 38-a and 38-b, which each function to 
optimize fluid flow. Specifically, as fluid 2 encounters pressure recovery drop 26, it 
becomes subject to drop face 30-a and a sudden pressure drop is induced, thus generating 
sub-atmospheric barrier 38-a. Immediately following drop face 30-a is drop face 30-b. 

15 Thus, fluid 2 immediately encounters drop face 30-b and induces a second sudden or 
immediate pressure drop, thus generating second sub-atmospheric barrier 38-b. The 
advantage of building in a plurality of drop faces 30 into pressure recovery drop 26 is that 
fluid 2 is influenced to an even greater degree, with all of the effects discussed herein 
magnified. 

20 Fluid flow regulator 10 and it associated method provides the ability to achieve 

the greatest state or equalization and/or harmony between the molecules in fluid 2 and 
surface 14 of object 12 over which fluid 2 passes. Equalization or harmony between fluid 
and surface molecules is increased significantly as fluid 2 and the molecules directly 
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adjacent surface 14 (those in the boundary layer) interact less violently as a result of sub- 
atmospheric barrier or shield 38 created by fluid flow regulator 10. 

With reference to Figures 3-A, 3-B, and 3-C, shown is the relationship of fluid 
flow 2 over surface 14 of object 12 to pressure. When an object experiences fluid flow 
5 across one or more of its surfaces, the object becomes subject to, among other things, 
pressure drag and friction drag. Each of these decrease the efficiency of fluid flow, as 
well as cause the fluid to flow more turbulent ly than laminar. Indeed, the less pressure 
drag and friction drag that is induced across the surface the more laminar the flow across 
that surface will be. Just the opposite is also true. The greater the pressure drag and 
10 friction drag induced across the surface, the more turbulent the flow across the surface 
will be. 

As can be seen from Figure 3-A, a smooth or semi-smooth surface 14 is presented 
and introduced to fluid flow 2. Upon initial contact of fluid 2 with a front portion 16 of 
object 12, a significant amount of pressure drag is induced on front portion 16, illustrated 

15 as pressure drag 42. As the fluid progressively passes over surface 14, fluid 2, or rather 
the molecules within fluid 2, react with the molecules of surface 14, wherein a significant 
amount of surface friction is induced, known and illustrated as friction drag 46. The 
further along surface 14 fluid 2 travels, the greater the disturbance in flow that is caused 
by this friction drag. This has the effect of increasing the pressure along surface 14. In 

20 other words, there is an upward pressure distribution along surface 14 caused by the 
friction created between the molecules in fluid 2 and the molecules in surface 14. In 
addition, as fluid 2 progresses across surface 14, the fluid begins to detach from surface 
14. This detachment of fluid 2 from surface 14 is commonly referred to as separation. 
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Friction leads to separation and separation leads to an increase in turbulence of fluid 
flow. Thus, Figure 3- A illustrates an unmodified surface 14, wherein it can be seen that a 
significant amount of initial pressure drag 42, friction drag 46, and final pressure drag 54 
exists, each of which will cause fluid 2 to separate and exhibit a greater amount of 
5 turbulence across surface 14. 

Figure 3-B illustrates the same object 12 shown in Figure 3- A, only Figure 3-B 
illustrates object 12 as having a fluid flow regulator 10 incorporated therein. As can be 
seen, fluid flow regulator 10, and particularly pressure recovery drop 26, is placed at the 
precise point at which separation of fluid 2 begins. This location is described herein as 

10 optimal pressure recovery point 34 and represents the point at which pressure is 
recovered via fluid flow regulator 10. Drop face 30 comprises a height capable of 
inducing pressure recovery at optimal pressure recovery point 34. As can be seen from 
Figure 3-B, fluid begins to separate from surface 14 as it progresses along surface 14. 
This separation is illustrated by the arrows extending up from surface 14 at optimal 

15 pressure recovery point 34. It is at this point that fluid flow regulator is placed and the 
point at which pressure recovery drop 26 induces a sudden pressure drop, thus 
functioning as a pressure recovery mechanism. By incorporating a fluid flow regulator 
10 into object 12, and particularly surface 14, several effects result, including the 
lowering or reducing of pressure drag 42 located at the front 16 of object 12, friction drag 

20 46 located along surface 14, and pressure drag 50 located at the end of object 12. Each of 
these is illustrated in Figure 3-C where it is shown that pressure drag 42, friction drag 46, 
and pressure drag 50 are all significantly reduced, thus signaling powerful pressure 
recovery capabilities of fluid flow regulator 10. Moreover, it can be seen that pressure 
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drag 42 and pressure drag 50 are more equal than the same pressure drags found on 
object 12 of Figure 3-A. Equalization of these two opposing pressure drags is a direct 
result of the pressure recovery that takes place at the location of fluid flow regulator 10. 
From this it can be seen that fluid flow regulator 10 significantly influences the behavior 
5 of the fluid over surface 14. This effect may lead to significant design changes in both 
form and function of fluid-exposed surfaces and objects. 

Depending upon the length of the surface or any other design considerations, it 
may be necessary to employ multiple fluid flow regulators. For example, if a surface is 
long and fluid flow over that surface is required to travel a substantial distance the fluid 

10 may once again begin to separate from the surface after passing the first fluid flow 
regulator. As such, this subsequent point of separation may be considered a second 
optimal pressure recovery point and may necessitate the addition of a second fluid flow 
regulator. In essence, multiple fluid flow regulators may be utilized to carry out the 
intended function of recovering pressure and increasing the laminar flow of the fluid over 

1 5 the entire surface and the present invention contemplates these. 

Figure 4 illustrates an embodiment comprising object 12 having first fluid flow 
regulator 10 and second fluid flow regulator 110 integrally formed within its surface 14. 
First and second fluid flow regulators 10 and 110 function similarly, only second fluid 
flow regulator 110 is located at a second optimal pressure recovery point 134 and 

20 comprises leading edge 118 leading into pressure recovery drop 126, and trailing edge 
122 extending away from pressure recovery drop 126. Second optimal pressure recovery 
point 134 exists at the point at which fluid 2 begins to separate once again from surface 
14 following its passing over first fluid flow regulator 10. Thus, once fluid 2 begins to 
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separate again, it encounters second fluid flow regulator 110, which induces a sudden 
pressure drop at pressure recovery drop 126, which in turn creates second sub- 
atmospheric barrier 138 over which fluid 2 passes in an increased laminar state. As such, 
multiple fluid flow regulators function to maintain the laminar flow characteristics of 
5 fluid 2 over the entire length of surface 14. As stated, a plurality of fluid flow regulators 
may be utilized as necessary. 

In one exemplary embodiment, fluid flow regulator 10 is integrally formed with 
and part of surface 14. As such, leading edge 18, pressure recovery drop 26, and trailing 
edge 22 are integrally formed with and part of surface 14. This arrangement represents 

10 the embodiments illustrated in Figures 1-4. Moreover, fluid flow regulator 10 preferably 
spans the length or width of surface 14, but may also be designed to extend only a limited 
distance across surface 14. 

In another exemplary embodiment, illustrated in Figure 5, fluid flow regulator 10 
may comprise a separate fluid control device 60 that removably attaches to an existing 

15 surface 14. Fluid control device 60 comprises one or more fluid flow regulators 10 that 
function as described herein. Figure 5 illustrates fluid control device 60 as comprising an 
transition extension 64 that, when attached to surface 14, provides a smooth transition for 
fluid 2 as it travels across surface 14 onto fluid control device 60. Transition extension 
64 comprises a gradual slope that extends up to and connects to leading edge 18. 

20 Leading edge 18 then transitions into pressure recovery drop 26 as discussed above. j 
Fluid control device 60 further comprises a trailing edge 22 that transitions with another 
transition extension 70 that once again slopes downward toward surface 14 to provide a 
smooth transition for fluid 2 from fluid control device 60 to surface 14. Of course, it a 
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transition from surface 14 to fluid control device 60 is unnecessary, fluid control device 
can be made to completely cover surface 14 so that fluid control device 60 becomes the 
surface of object 12. Either way, fluid control device 60 attaches to an existing surface 
14 and essentially functions as a quasi surface over which fluid 2 flows. Fluid control 
5 device 60 may be attached to surface 14 using various attachment means, including 
adhesives, screws, snaps, hook and loop fastener, etc. Fluid control device 60 may also 
attach to surface 14 using some type of connection or joint, such as a slot or groove 
arrangement. 

In addition to the contemplation of multiple fluid flow regulators, the present 
10 invention further contemplates differing heights between one or more fluid flow 
regulators along the same surface. Again referring to Figure 4, second pressure recovery 
drop 126 may have a drop face 130 that comprises a different height than first pressure 
recovery drop 26 and associated drop face 30. As indicated above, the pressure gradients 
existing along a surface are different in degree or magnitudes. The degrees or 
15 magnitudes of these pressure gradients are also not static, but vary and fluctuate through 
a range during the time the fluid is flowing over the surface of the object, according to j 
and as a result of several known factors. To account for these varying and changing or 
fluctuating pressure gradients, the height of each drop face on each pressure recovery 
drop can be designed to effectively recovery the most pressure. The height of each drop 
20 face will largely be dependent upon the amount of pressure recovery needed at a 
particular pressure gradient to achieve optimal fluid flow over the surface at that 
particular location and instance. In one embodiment, subsequent pressure recovery drops 
will most likely comprise shorter drop faces than their preceding counterparts as much of 
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the pressure recovery in the fluid will be recovered by the initial pressure recovery drop. 
Therefore, a less drastic reduction in pressure or less pressure recovery will be required at 
subsequent pressure recovery drops to continue or maintain the optimal fluid flow. Or, 
the pressure gradient across the surface will be controlled by successive fluid flow 
5 regulators having different heights so that pressure, and therefore separation, is kept to a 
minimum, or within acceptable or desired levels. 

The present invention also contemplates that one or more fluid flow regulator(s) 
may comprise different orientation arrangements along a single surface of an object, or 
that a fluid flow regulator may be arranged at any angle to fluid flow, although 

10 perpendicular or substantially perpendicular is preferred, depending largely upon the 
direction of fluid flow, the shape of the object, the function of the object, the type of 
fluid, and any others recognized by one of ordinary skill in the art. Referring now to 
Figure 6, shown is object 12 comprising a surface 14, wherein surface 14 comprises a 
plurality of fluid flow regulators 10 thereon, shown as fluid flow regulators 10-a, 10-b, 

15 10-c, and 10-d, each comprising a leading edge 18, a trailing edge 22, a pressure recovery 
drop 26, and a drop face 30. As can be seen, one or more fluid flow regulators 10 may be 
placed on a single surface 14, as desired. In addition, fluid flow regulators 10 may 
comprise any size, length, shape, curvature, etc. Still further, fluid flow regulators 10 
may comprise different drop face heights. And, still further, fluid flow regulators 10 may 

20 be arranged or oriented as required or desired to induce and maintain optimal fluid flow 
across surface 14. Typical orientations include fluid flow regulators that are 
perpendicular to fluid flow, that are on acute angles to fluid flow, that comprise one or 
more curved segments, etc. The foregoing is evident by fluid flow regulator 10-a 
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comprising a linear design, yet is on an acute angle with respect to the direction of flow 
of fluid 2. Fluid flow regulator 10-b comprises a linear segment that transitions into a 
curved segment. Fluid flow regulator 10-c comprises a limited length that further 
comprises a blended end 76 that gradually blends into surface 14. Fluid flow regulator 
5 10-d comprises a linear design similar to fluid flow regulator 10-a, but further comprises 
shorter or lower profile drop face 30. Figure 6 illustrates several possible configurations, 
namely sizes, shapes, and orientations, that fluid flow regulators may comprise over a 
single surface. However, these are not meant to be limiting in any way. Indeed, 
engineering design parameters, environmental conditions, and other factors will lead one 
10 ordinarily skilled in the fluid dynamics art to conclude or recognize other potential 
configurations. The present invention, although impossible to recite, contemplates each 
of these and each is intended to fall within the scope of the description and claims 
presented herein. 

Fluid flow regulators may be integrally formed within the surface of an object, or 
15 attached via a removable attachment device, as discussed above. Essentially, no matter 
how fluid flow regulators are related to or incorporated into the surface of an object, 
either integrally formed, part of a removable device, cut-out of the surface, etc., the term 
"featured'' as used herein and in the claims is meant to cover each of these. 

In another embodiment, fluid flow regulators may comprise a mechanism or 
20 . system comprising individually operating, yet interrelated component parts that function 
to provide or create one or more fluid flow regulators in a surface, wherein the fluid flow 
regulators are dynamically adjusted or adjustable. Because an object in fluid flow 
experiences a number of different and changing or varying influencing forces or 
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environmental conditions that result in varying surface and fluid flow characteristics, 
such as pressure gradients along or across its surface, it follows that an adjusting or 
adjustable fluid flow regulator would be advantageous to maintain optimal fluid flow 
during the entire time the object is experiencing fluid flow over its surface and to account 
5 for these varying or changing conditions, thus allowing the fluid to achieve its greatest 
flow potential across the surface of the object. Thus, the present invention features a 
dynamic or adjustable fluid flow regulator capable of altering its physical characteristics, 
location, and/or existence altogether, as well as compensating for varying fluid flow 
conditions. Any of the component parts of the fluid flow regulator may be designed to 

10 move or adjust to vary the height of drop face and pressure recovery drop, such as 
designing the leading edge, the pressure recovery drop, and/or the trailing edge to 
comprise the ability to adjust to vary the height of pressure recovery drop. In addition, 
the surface or object may comprise one or more elements or components that are utilized 
in conjunction with the fluid flow regulator to vary the height of the drop face. In 

15 essence, the present invention contemplates any device, system, etc. that is capable of 
adjusting the pressure recovery drop on demand an in response to varying situations or 
conditions. The dynamic fluid flow regulator may be mechanically actuated, or designed 
to oscillate in response to changing conditions. 

In addition, the present invention contemplates the ability for dynamic fluid flow 

20 regulator to the vary pressure recovery drop, and particularly the height of the drop .face 
therein, either consistently along the length of the pressure recovery drop, wherein the 
drop face would comprise the same height along its entire length, or inconsistently along 
the length of the pressure recovery drop, wherein the drop face would comprise different 
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heights along the its length. This would account for velocity and pressure differentials 
across the surface of the object at the location of the fluid flow regulator. 

With reference to Figure 7-A, shown is one exemplary embodiment of a dynamic 
fluid flow regulator. Specifically, object 12 is shown comprising a surface 14 having a 
5 recess 80-a and a recess 80-b, each created in surface 14. Recess 80-a comprises a cut- 
away portion of object 12, such that pressure recovery drop 26, and particularly drop face 
30 is created therein. Recess 80 specifically comprises a horizontal surface 14-a that is 
integrally formed with and part of surface 14 of object 12, and a vertical surface 30-a that 
functions as pressure recovery drop 26 and drop face 30. Recess 80-b comprises a cut- 

10 away portion of object 12, such that pressure recovery drop 26, and particularly drop face 
30 is created therein. Recess 80 specifically comprises a horizontal surface 14-b that is 
integrally formed with and part of surface 14 of object 12, and a vertical surface 30-b that 
functions as pressure recovery drop 26 and drop face 30. To create dynamic fluid flow 
regulator 10, rotatably attached to object 12 at a distal location from drop face 30, using 

15 one or more attachment means, is an adjustable plane 82. Adjustable plane 82 comprises 
a surface that closely fits and interacts with pressure recovery drop 26, and that adjusts on 
demand to vary the height of drop face 30. Thus, variations in pressure drag, friction 
drag, velocity, fluid viscosity and other factors or conditions that occur and develop as 
fluid 2 flows over object 12 can be monitored and compensated for simply by actuating 

20 adjustable plane 82, which subsequently alters the height of drop face 30 and pressure 
recovery drop 26, as needed. Monitoring devices common in the industry may be used to 
monitor the conditions and characteristics of both the fluid flow and the object. 
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Dynamic fluid flow regulator 10, and particularly adjustable plane 82, may also 
be designed to comprise transverse movement that allows adjustable plane 82 to move bi- 
directionally in a horizontal manner to preserve a tight relationship between end 86 and 
drop face 30 and to ensure drop face 30 is perpendicular to surface 14. In addition, end 
5 86 preferably seals tightly against drop face 30 at all times and at all vertical positions. 

Moreover, the present invention fluid flow regulator(s) may be designed so that 
the position or location of the fluid flow regulators altogether may be selectively altered. 
This embodiment is contemplated because the optimal pressure recovery point(s) along a 
surface may not always be in the same location. For example, faster fluid velocities, 

10 different altitudes, varying pressures, and other forces, may cause optimal pressure 
recovery points to vary along the surface. As such, the dynamic fluid flow regulators 
may be designed to comprise the ability to undergo selective vector movement, meaning 
that they may be moved or repositioned in any direction along the surface to once again 
be in alignment with an optimal pressure recovery point. 

15 In operation, dynamic fluid flow regulator 10 functions to regulate varying 

pressure gradients across surface 14 by continuously altering the potential pressure 
recovery at one or more optimal pressure recovery points 34. Continuously altering the 
potential pressure recovery involves monitoring the pressure gradients acting upon the 
surface to determine whether these pressure gradients are strong enough to induce 

20 separation of the fluid from the boundary layer created along surface 14 from the flow of 
fluid. Monitoring devices and/or systems commonly known in the art for monitoring 
pressure and friction drag and fluid separation would be able to indicate whether there 
was a need for actuation of dynamic fluid flow regulator 10 to recover pressure and 
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maintain the attachment of the fluid in a laminar, optimal flow at that point or location on 
surface 14. As fluid flows over surface 14, dynamic fluid flow regulators 10 would be 
placed at those locations most likely to experience separation. However, often pressure 
gradients along a surface exhibit significant pressure differentials. Utilizing dynamic 
5 fluid flow regulator provides the means for compensating for these differentials. For 
instance, in a controlled environment, if a fluid is flowing over a surface at a constant 
rate, the flow is easily predicted and the determination of the number, placement, and 
design of fluid flow regulators is simple. However, as conditions change, either with 
respect to the fluid or the object, it may become necessary to modify or change the 

10 design, placement, or number of fluid flow regulators to compensate for the change and 
maintain separation and optimal fluid flow. This is even more true in an uncontrolled, 
natural environment. As such, dynamic fluid flow regulators serve such a purpose. For a 
set of given conditions, adjusting plane 82 may be set so that pressure recovery drop 26 
comprises a pre-identified drop face height. This height is calculate to provide the 

15 necessary amount of pressure recovery at that point to prevent separation and maintain 
laminar fluid flow. As conditions change, adjusting plane 82 may be adjusted up or 
down as indicated by the arrows to increase or decrease the height of drop face 30. 
Adjusting plane 82 is adjusted by rotating attachment means 84 connecting adjusting 
plane 82 to object 12. Thus, if the pressure drag and friction drag at that point increase, 

20 separation may result if pressure recovery drop 26 is fixed at its original position. To 
overcome separation and maintain optimal fluid flow, adjusting plane 82 is actuated to 
lower, and therefore, increase the distance or height of drop face 30, which has the effect 
of creating a greater drop in pressure leading to increased pressure recovery. The degree 



Page 39 of 70 



adjusting plane 82 is adjusted is a calculated determination to be made considering all 
known and relevant factors. 

Adjusting plane 82 may also move horizontally back and forth as needed. 
Horizontal movement may be necessary to keep the travel of end 86 as linear as possible, 
5 and as close to drop face 30 as possible, especially if the distance adjusting plane 82 is 
required to travel is substantial. If adjusting plane 82 is not allowed to move 
horizontally, end 86 would travel along an arc and would separate from drop face 30 at 
some point, thus frustrating the intended function and effects of fluid flow regulator 10. 

Figure 7-B illustrates another exemplary embodiment of a dynamic fluid flow 

10 regulator. In this embodiment, dynamic fluid flow regulator 10 also comprises an 
adjusting plane 90. However, in this embodiment, adjusting plane 90 moves vertically up 
and down as needed to adjust pressure recovery drop 26 and drop face 30. Adjusting 
plane 90 is caused to move up and down by actuating one or more lifts 98. Although the 
mechanism illustrated in Figure 7-B is different than that shown in Figure 7-A, the 

15 function and effect is the same. Essentially, pressure recovery drop 26 and drop face 30 
is allowed to increase or decrease in response to changing or varying fluid flow 
conditions for the purpose of inducing the proper amount of pressure recovery along 
surface 14 to ensure optimal fluid flow. 

Although not illustrated, the present invention further features a fluid flow 

20 regulator that may be adjustably or selectively positioned along surface 14. Often during 
fluid flow, due to many contributing factors, the point along surface 14 at which 
separation begins will vary in location. As such, it becomes necessary to be able to 
identify each of these optimal pressure recovery points 34 and to place a fluid flow 
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regulator at that point. Allowing fluid flow regulators to be selectively positioned along 
surface 14 greatly increases the potential for proper and optimal pressure recovery and 
for reducing flow separation. 

It should be noted that the present invention contemplates any type of system, 
5. device, etc. that is capable of adjusting or modifying the design characteristics of fluid 
flow regulators to regulate the pressure gradients across a surface. Although in the 
preferred embodiments recited herein these modifications are facilitated by providing one 
or more dynamic fluid flow separators, these embodiments are only exemplary and not 
intended to be limiting in any way. Indeed, one ordinarily skilled in the art will recognize 

10 other designs that carry out the intended function of the present invention. 

The present invention fluid flow regulators, and the surfaces on which these are 
utilized, offer many significant advantages over prior art surfaces and fluid flow 
regulating devices or systems. Although several advantages are specifically recited and 
set forth herein, fluid dynamics is an extremely broad field with many properties still 

15 largely misunderstood or unknown, thus making it impossible to identify, describe, and 
feature all of the possible effects and advantages of the present invention. As such, the 
intention of the present application is to provide an initial starting point for many 
extensive and ongoing experiments and studies by all interested. As such, the present 
invention provides several significant advantages. 

20 First, the fluid flow regulators provide the ability to induce pressure drops on 

demand. These pressure drops allow the fluid flow regulators to regulate pressure 
gradients about the surfaces of the objects or bodies on which they are applied. This is 
significant because the ability to regulate pressure gradients provides the ability to 
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influence, control, and optimize fluid flow about the surface and to reduce the separation 
and/or separation potential of the fluid. Moreover, the ability to regulate pressure 
gradients is provided on an as needed basis, meaning that the magnitude of pressure 
recovery induced can be controlled by varying the physical location and characteristics of 
5 the fluid flow regulators. 

Second, the fluid flow regulators provide increased and less volatile molecule 
interaction between the molecules in the fluid and the molecules in the surface. This is 
largely accomplished by the generation of a sub-atmospheric barrier of low pressure that 
acts as a cushion between each of these molecules. As such, the boundary layer between 

10 the surface and the most adjacent or proximate fluid flow stream is preserved even in 
stressful or high pressure drag situations. 

Third, flow separation is essentially eliminated across the surface of any surface. 
At each precise point along a surface where flow begins to separate, a fluid flow regulator 
is placed, thus functioning to induce a sudden pressure drop at that point. This sudden 

15 drop in pressure performs the necessary influence on pressure drag and friction drag to 
effectuate the most appropriate pressure recovery that forces the fluid to remain attached 
to the surface, and to maintain an optimal flow pattern. 

Fourth, fluid flow regulators provide the ability to significantly influence pressure 
drag by reducing pressure drag at various locations along the surface. Reducing the 

20 pressure drag in turn increases pressure recovery, which subsequently lowers the friction 
drag along the surface. By reducing or lowering friction drag, the potential for fluid 
separation is decreased, or in other words, attachment potential of the fluid is 
significantly increased. 
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Fifth, pressure drag forward and aft a surface is reduced. Moreover, these 
pressure drags are more likely to be equalized, or these pressure drags are more likely to 
achieve a state of equilibrium at a much quicker rate. 

Sixth, dynamic fluid flow regulators provide the ability to compensate for 
5 changing or varying conditions, either environmental, within the flow, or within the 
object itself, by facilitating the most accurate and strategic pressure drops possible across 
the surface. 

Seventh, the potential and kinetic energy of molecules is more efficiently utilized 
and accounted for. 

10 Eighth, a surface featuring one or more fluid flow regulators functions to improve 

the overall efficiency of the object or body or craft on which it is being utilized. By 
influencing the flow to obtain the most optimal flow state, the object is required to output 
less power than a similar body or object comprising a streamlined surface makeup. 

Ninth, fluid flow regulators significantly reduce noise produced by fluid flowing 

15 across the surface of the object. Noise is reduced due to the flow properties being made 
optimal as compared to streamlined surfaces. Noise reduction can be a significant 
problem in many fields and applications, such as in the design and operation of jet 
engines. 

These advantages are not meant to be limiting in any way as one ordinarily skilled 
20 in the art will recognize other advantages and benefits not specifically recited herein. 

Fluid flow regulator 10 may be applied to or formed with any type of surface or 
object subject to external fluid flow. This surface may be a substantially flat surface, 
such as found on the wing of an airplane, or on various airfoils and hydrofoils, such as a 
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turbine or similar blade, a prop for a boat or water craft, or on various surfaces 
comprising bodies, such as the fuselage of an aircraft or rocket, a submarine, the fairing 
of an automobile, and any others. In addition, fluid flow regulators may be applied to or 
formed within a cylindrical or other shaped enclosure, such as a nozzle or venturi, to 
5 improve internal fluid flow. It is impossible to recite and describe the numerous possible 
designs and applications to which the present invention may be present within or applied 
to. As such, it is contemplated that the present invention will be applicable to any surface 
subject to fluid flow, whether the object itself is designed to be in motion or whether it is 
designed to be stationary. 

10 It should also be recognized that the particular design, number, and orientation of 

the fluid flow regulators is dependent upon the physical limitations or constraints of the 
object, the performance characteristics of the object, as well as the intended conditions or 
environment in which the object will operate. Other factors may also be considered as 
will be recognized by one ordinarily skilled in the art. 

1 5 The present invention further features a method for influencing external fluid flow 

over the surface of an object and for influencing the rate and magnitude of pressure 
recovery along the surface. This method comprises the steps of: featuring at least one 
fluid flow regulator with one or more surfaces of an object, wherein the fluid flow 
regulator comprises a pressure recovery drop having at least one drop face formed 

20 therein, and wherein the drop face comprises a calculated height; subjecting the object to 
a fluid, such that the fluid is caused to move about the object; and causing the fluid to 
encounter the fluid flow regulator, such that the pressure recovery drop induces a sudden 
drop in pressure as the fluid flows over the fluid flow regulator, wherein a sub- 
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atmospheric barrier is created at the base of the drop face. As such, the fluid flow 
regulator functions to optimize fluid flow about the object, thus increasing the 
performance of the object in the fluid. 

The present invention further features a method for controlling the flow of fluid 
5 across an object's surface. The method comprises the steps of: obtaining an object 
subject to fluid flow, the object having one or more fluid bearing surfaces over which a 
fluid may flow; featuring one or more fluid flow regulators as part of the fluid bearing 
surfaces, wherein the fluid flow regulator optimizes fluid flow and the performance of the 
object in the fluid; subjecting the object to the fluid; and causing the fluid to flow about 
10 the object so that the fluid encounters the one or more fluid flow regulators. 

It should be noted that the foregoing methods incorporate all of the features, 
functions, elements, and advantages discussed above and herein. 

Moreover, the present invention features a fluid control system comprising an 

object having at least one surface subjected to a fluid, such that the fluid flows about the 

15 object; and a fluid flow regulator featured and operable with the surface, wherein the 

fluid flow regulator comprises the elements and functions as described herein. 

Fuselages Comprising a Fluid Flow Regulating 
System and Method 

20 One advantageous application of the present invention fluid flow regulators 

relates to the design and performance of fuselages, and particularly to aircraft or rocket 
fuselages, as well as to similar bodies, such as submarine bodies hulls, automobile 
bodies, boat or ship hulls, etc. Although this area has received extensive study and 
analysis, the present invention furthers fuselage development and technology by 

25 providing a fluid flow regulating system and method that drastically improves the 
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performance of fuselages of any size, shape, or design. The present invention also 
particularly furthers development of similar bodies that are subject to fluid flow, such as 
automobiles, boats or ships, 

With reference to Figure 8, illustrated is an isometric view of a cut-away of one 
5 particular design of a fuselage, shown as fuselage 200. Specifically, Figure 8 illustrates 
an upper portion or segment of a fuselage. Fuselage 200 comprises an outer surface 250 
that extends around the top, sides, and bottom, and comprises the outermost portion, of 
fuselage 200. Fuselage 200 also comprises a front or forward surface 258 (not shown), a 
leading edge 262, and a trailing edge 266. Fuselage 200 further comprises a first fluid 

10 flow regulator 210-a and a second fluid flow regulator 210-b featured with surface 250, 
wherein fluid flow regulators 210-a and 210-b are longitudinally positioned about 
fuselage 200 so as to annularly extend around fuselage 200, and wherein fluid flow 
regulators 210-a and 210-b are oriented perpendicular or substantially perpendicular to 
the flow of air 202 (indicated by the arrows) along outer surface 250. 

15 First fluid flow regulator 210-a is positioned upstream or forward second fluid 

flow regulator 210-b and is the first of the two regulators air 202 encounters. Each of 
these function to influence fluid flow and regulate the pressure gradients existing along 
outer surface 250 and fuselage 200. Fluid flow regulator 210-a comprises the elements 
discussed above, which are shown herein, namely leading edge 218-a, trailing edge 222- 

20 a, pressure recovery drop 226-a, drop face 230-a, and optimal pressure recovery point 
234-a. Fluid flow regulator 210-b also comprises similar elements, with like elements 
marked with like numbers as indicated (elements 210-b to 234-b for fluid flow regulator 
210-b). 
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Although Figure 8 illustrates fuselage 200 as comprising only two fluid flow 
regulators, it should be understood that different fuselages or fuselage structures will 
require a different number of fluid flow regulators, or fluid flow regulators positioned at 
different locations and orientations about fuselage 200. As such, the present invention 
5 contemplates each of these different configurations and designs. One ordinarily skilled in 
the art of fluid dynamics over a fuselage surface will be able to calculate precisely the 
number, location, and orientation of fluid flow regulators to be utilized in a given 
situation as these are highly analytical determinations. 

Referring back to Figure 8, as air 202 encounters, fuselage 200, and particularly 

10 frontal surface 258, it subsequently passes over outer surface 250 (around the entire 
circumference or perimeter), in which the stability or equilibrium or otherwise current 
state of the air is disrupted, or rather the molecules in air 202 are disturbed. In addition, 
as pointed out above, various aerodynamic forces are generated between air 202 and 
fuselage 200. In effect each of fluid flow regulators 21 0-a and 210-b function to 

15 influence these forces for the purpose of optimizing the flow of air 202 over fuselage 200 
and for restoring a state or equilibrium to air 202 as quickly as possible as it leaves 
fuselage 200. 

Specifically, as fuselage 200 begins to move through air 2, or as air moves over 
fuselage 200, the air molecules tend to stick or adhere to outer surface 250, thus creating 
20 air flows that follow the least path of resistance in either a turbulent or laminar air flow 
state, each comprising a boundary layer. In addition, drag forces are at work, namely 
pressure drag and friction drag. Pressure drag induces a number of pressure gradients 
about fuselage 200. As the fuselage accelerates through air 202 and the velocity of air 
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about fuselage 200 increases, the pressure drag on both upper and lower surfaces 250 and 
254 increases, as does the magnitude of the pressure gradients. In addition, because air is 
less dense than other fluids, such as water, or is less viscous, the potential for fluid 
separation is increased, especially in light of the high velocities encountered by a fuselage 
5 during air flight. 

Prior art fuselages are typically streamlined, meaning that their surfaces are 
smooth and uniform. This has led experts to be able to predict, for the most part, the 
response of the fuselage in the air, as well as the behavior of the air itself. However, 
several problems exist with streamlined designs, evidenced by the several phenomenon 

10 that are still largely misunderstood. By providing a fuselage surface having one or more 
fluid flow regulators, it is believed that several of the problems encountered with 
streamlined fuselages are reduced, minimized, or even eliminated. 

As shown, in Figure 8, fluid flow regulators 210 are placed at precise optimal 
pressure recovery points 234. The location of these points are calculated based upon 

15 fuselage structure, intended use of the craft, speed of travel, and others known to those 
skilled in the art. The precise location of these points is not specifically recited herein as 
several factors go into determining these, although the limits on placement are discussed 
above. Moreover, they will be different from fuselage to fuselage and from aircraft to 
aircraft. In addition, these points may vary for a single fuselage structure during the 

20 course of flight. 

Unlike prior art streamlined fuselages, the present invention fluid flow regulators 
function to regulate, or are capable of regulating, the pressure gradients induced about 
fuselage 200 by facilitating pressure recovery precisely at these optimal pressure 
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recovery points 230. Indeed, pressure recovery is increased as air 202 moves over or 
encounters fluid flow regulator 210. Specifically, as air 202 encounters fluid flow 
regulator 210-a positioned at first optimal pressure recovery point 234-a, there is a 
sudden and significant drop in pressure as the air 202 suddenly and instantly encounters a 
5 drop in outer surface 250. As such, air 202 literally falls off of pressure recovery drop 
226-a, and particularly drop face 230-a. This sudden drop in pressure and the continued 
flow of air 202 causes a sub-atmospheric barrier or shield 238-a to be generated, which is 
essentially a low pressure air cushion that acts as a barrier between the molecules in the 
boundary layer of fluid 2 and outer surface 250. 

10 Fluid flow regulator 210-a further functions to reduce pressure drag as a result of 

the sudden pressure drop induced at pressure recovery drop 226-a. By reducing pressure 
drag, pressure recovery is increased. Figure 9-A illustrates a prior art streamlined 
fuselage 280, wherein there is a large fluid flow pattern across outer surface 284, thus 
indicating a significant amount of pressure drag that leads to surface friction and fluid 

15 separation. 

On the other hand, Figure 9-B illustrates fuselage 200 comprising a plurality of 
fluid flow regulators 210 that function to regulate the pressure gradients along outer 
surface 250 and increase pressure recovery. As can be seen, the fluid flow pattern is 
much less active and pronounced, thus signaling a reduction in pressure drag on outer 
20 surface 250. Lower pressure drag leads to a reduction in fluid separation about outer 
surface 250 and fuselage 200. These two Figures illustrate how fluid flow regulators 210 
help to equalize the air flow 202 about outer surface 250, and particularly influence air 
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flow from the front to the rear of fuselage 200, which greater state of equilibrium 

significantly reduces the potential for fluid separation. 

The reduction in pressure drag discussed above, is a direct result of the sudden, 

induced pressure drop and sub-atmospheric barrier created at each pressure recovery drop 
5 of each fluid flow regulator 210, and leads to an increase in pressure recovery along the 

surface. An increase in pressure recovery means that the fluid about the fuselage 

structure is closer to a state of equilibrium. 

Referring again back to Figure 8, an increase in pressure recovery has the effect 

of increasing the equilibrium potential of the air flow, which therefore reduces the 
10 friction drag about fuselage 200. This is true because air molecules do not adhere or stick 

to other air molecules as easily as they stick to the surface molecules of fuselage 200. 

Instead, the air molecules essentially glide or slide over sub-atmospheric barrier 238-a 

with almost no disruption or turbulence, much the same way they did when equalized just 

prior to their encounter with fuselage 200. And, since there is little pressure drag and 
15 little friction drag, two primary contributors of laminar separation, air flow separation 

(both laminar and turbulent) becomes much less of a problem than with streamlined 

fuselage structures. As such, traditional thinking that streamlined is better is likely to be 

frustrated. 

By reducing friction drag and subsequently increasing the attachment potential of * 
20 the air boundary layer, the air flow about fuselage 200 is remarkably less turbulent, more 
laminar, less prone to undesirable pressure gradients, and, among others, is more easily 
influenced, manipulated, and predicted. Each of these function to allow fuselage 200 to 
be much more efficient during travel and to comprise more efficient and useful designs 
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than streamlined fuselages. As such, it can be said that air flow about a fuselage is 
optimized, or that a fuselage structure's performance can be significantly enhanced. 

As air 202 leaves first fluid flow regulator 210-a it comprises an improved 
laminar and all around optimal state. However, depending upon the length of fuselage 
5 200 and the distance air 202 has to travel prior to leaving fuselage 200 altogether, the 
various aerodynamic forces at work and influenced by first fluid flow regulator 210-a 
may again come into play, thus again disrupting fluid 202 and frustrating its optimal 
flow. As such, fuselage 200 comprises a second fluid flow regulator 210-b, positioned at 
second optimal pressure recovery point 234-b, that functions similarly to first fluid flow 
10 regulator 210-a. However, second fluid flow regulator 210-b may comprise a different 
design configuration, such as a shorter drop face height, depending upon the properties 
and characteristics of the fluid at the time it reaches optimal pressure recovery point 234- 
b. 

The present invention allows an even greater increase in the velocity of the fluid 
15 and a resulting decrease in the pressure across the surface of a fuselage with identical 
power input into the aircraft. Stated another way, the present invention creates a more 
efficient fuselage and craft by requiring less power to achieve at least the same or similar 
performance capabilities of a streamlined fuselage. 

Figure 10 illustrates a fuselage 300 comprising fluid flow regulators 310-a and 
20 310-b as comprising pressure recovery drops 326-a and 326-b having different drop face 
heights. Specifically, fluid flow regulator 310-a comprises a longer or higher drop face 
330-a than drop face 330-b of pressure recovery drop 310-b. Optimal pressure recovery 
point 334-a may comprise a different magnitude of pressure than optimal pressure 
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recovery point 334-b, thus necessitating greater pressure recovery. Fluid flow regulators 
310 may be designed to comprise any drop face height as needed. 

Another feature of the present invention fluid control system is found in an 
embodiment, wherein the distance or height of the drop face of each fluid flow regulator 
5 is adjustable, either collectively at the same time and at the same distance or individually 
with each having differing heights. The fluid flow regulators shown in Figures 8-A - 10 
may comprise a dynamic element that allows them to be adjustable. Providing 
adjustability in each of the fluid flow regulators is advantageous because it is often 
critical or desirable to account for and accommodate various environmental conditions 

10 and factors, such as changing velocities, pressures, and densities of a fluid flowing over 
the surface of an object. These regulators may be adjusted by adjusting either the leading 
edge or the trailing edge, or a combination of these. Or, the fluid flow regulators may be 
adjusted using one or more types of mechanisms or systems that manipulate one or more 
component parts of the fluid flow regulators (see Figures 1- A and 7-B and the 

15 accompanying description). The adjustability feature becomes important when the 
fuselage undergoes varying changes in conditions resulting in different air flow 
parameters. For example, the speed and altitude of an aircraft are continually changing. 
Air flow should be able to be optimized at any speed or altitude, including very slow 
speeds and low altitudes to mach or supersonic speeds and high altitudes. 

20 It should be noted that the present invention is applicable to fuselages of any 

shape, size, and/or geometry and to fuselages found on any type of craft. 

Various Moving Bodies Subject to Fluid Flow and Comprising a 
Fluid Flow Regulating System and Method 
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The present invention is also applicable to any moving body or structure having a 
surface subject to fluid flow, wherein these moving bodies require optimized fluid flow 
about their surfaces, or that benefit from having more optimized fluid flow about their 
surfaces. Although impossible to present herein, the present invention comprises several 
5 moving bodies utilizing one or more fluid flow regulators to enhance their performance, 
namely, an airplane, an automobile, a boat or ship, and a rocket or missile. 

With reference to Figure 11, shown is a small airplane fuselage 400 having a 
substantially cylindrical shape. Fuselage 400 further comprises an outer surface 404 
having a plurality of fluid flow regulators 410 featured on outer surface 404 and 

10 annularly positioned around fuselage 400 so as to be perpendicular to the flow of air 2. 
Each fluid flow regulator 410 is positioned at or as closely proximate an optimal pressure 
recovery point 434 as possible, wherein optimal pressure recovery points 434 define a 
point or location of potential air separation. As can be seen, fluid flow regulators 410 
may be positioned at any location or orientation. Placing a fluid flow regulator 410 at 

15 these points functions to induce a pressure drop that resultantly optimizes the flow of air 
2 and decreases the separation potential of the air. In addition, the overall efficiency of 
the airplane is significantly increased because the airplane is able to transfer the air 
around it much quicker and with less effort. 

Figure 12 illustrates airplane fuselage 400 in tact on a propeller driven airplane. 

20 Figure 12 shows how fluid flow regulators 410 further function to reduce the effects of 
slipstream rotation induced by propeller 408. Slipstream rotation is caused by the 
rotation of propeller 408 and the displacement of air from propeller 408 that circulates 
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about fuselage 400 as indicated by the arrows. By strategically placing fluid flow 
regulators about fuselage 400, slipstream rotation is minimized. 

Figure 13 illustrates another exemplary moving body, namely an automobile 550. 
Automobile 550 further comprises an outer upper surface 554 having or featuring a 
5 plurality of fluid flow regulators 510 that are positioned about automobile 550 so as to be 
perpendicular to the flow of air 2. Automobile 550 also comprises side surface 558 (and 
an opposite complimentary side surface that is not shown) that too comprises or features 
a plurality of fluid flow regulators 510 that are perpendicular to the flow of air 2 about 
the sides of automobile 550. Each fluid flow regulator 550 is positioned at or as closely 

10 proximate an optimal pressure recovery point 534 as possible, wherein optimal pressure 
recovery points 534 define a point or location of potential air separation. As can be seen, 
fluid flow regulators 550 may be positioned at any location or orientation. Placing a fluid 
flow regulator 510 at these points functions to induce a pressure drop that resultantly 
optimizes the flow of air 2 and decreases the separation potential of the air. In addition, 

15 the overall efficiency of the automobile is significantly increased because the airplane is 
able to transfer the air around it much quicker and with less effort. 

Figure 14 illustrate yet another exemplary moving body in the form of a boat or 
ship hull 650. Boat hull 650 further comprises an outer surface 654 having a plurality of 
fluid flow regulators 610 featured on outer surface 654 and positioned around boat hull 

20 650 so as to be perpendicular to the flow of water 2. Each fluid flow regulator 610 is 
positioned at or as closely proximate an optimal pressure recovery point 634 as possible, 
wherein optimal pressure recovery points 634 define a point or location of potential water 
separation. As can be seen, fluid flow regulators 610 may be positioned at any location 
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or orientation. Placing a fluid flow regulator 610 at these points functions to induce a 
pressure drop that resultantly optimizes the flow of water 2 and decreases the separation 
potential of the water from surface 654. In addition, the overall efficiency of the boat is 
significantly increased because the boat is able to transfer the water around it much 
5 quicker and with less effort. With water being much more dense than air, boats and ships 
will likely require a lesser number of fluid flow regulators 610 than a similarly sized 
airplane. In addition, the drop face of the pressure recovery drop will also likely be 
smaller or of a shorter distance because the water will recover much quicker due to the 
fact that it is more dense. The proper number, positioning, and drop face height or 

10 distance will need to be determined for each particular type or style of boat or ship. 

Figure 15 illustrates still another exemplary embodiment of a moving body in the 
form of a rocket or missile 750. Rocket 750 further comprises an outer surface 754 
having a plurality of fluid flow regulators 710 featured on outer surface 754 and 
annularly spaced or positioned around rocket 750 so as to be perpendicular to the flow of 

15 air 2. Each fluid flow regulator 710 is positioned at or as closely proximate an optimal 
pressure recovery point 734 as possible, wherein optimal pressure recovery points 734 
define a point or location of potential air separation. As can be seen, fluid flow regulators 
710 may be positioned at any location or orientation. Placing a fluid flow regulator 710 
at these points functions to induce a pressure drop that resultantly optimizes the flow of 

20 air 2 and decreases the separation potential of air 2 from surface 754. In addition, the 
overall efficiency of the rocket is significantly increased because the rocket is able to 
transfer the air around it much quicker and with less effort. This is especially true in 
lower altitudes (such as during takeoff) where air 2 is much more dense. 
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The following example presents one experimental study of a rocket featuring a 
plurality of fluid flow regulators. This example is not intended to limit the present 
invention in any way. 

Example One 

5 This experiment was carried out by purchasing two identical a model rockets. 

The first rocket was taken and modified to comprise a plurality of fluid flow regulators 
annularly positioned around the fuselage of the rocket. The particular location of these 
fluid flow regulators was randomly selected. The second rocket was left unmodified as it 
was purchased. Great care was taken so the test conditions were as controlled as 
10 possible. 

The unmodified rocket was tested first. This rocket gained about the height the 
packaging stated it would. This test was repeated several times with the same outcome. 
Once testing of the unmodified rocket was complete, the modified rocket was tested in 
the same way. What was discovered is that the modified rocket gained a much greater 

15 altitude than the unmodified rocket, such that the difference was more than just marginal. 
In addition, the modified rocket flew straighter and faster than the unmodified rocket. 
The exact distance or altitude gained is unknown as the tester was using eyesight to judge 
each of the rockets during their test flights. Testing of the modified rocket was done 
several times with the same outcome. 

20 These early experiments indicate that those fuselages utilizing one or more fluid 

flow regulators on their surfaces are much more efficient than fuselages having 
streamlined or smooth surfaces, or even those utilizing various vortex generators. 
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The present invention further features a method for method of influencing fluid 
flow by regulating pressure gradients about a moving body and for reducing fluid 
separation about the moving body. The method comprises the steps of: obtaining a 
moving body having at least one surface subject to fluid flow; featuring at least one fluid 
5 flow regulator with the surface, wherein the fluid flow regulator itself comprises a 
pressure recovery drop having at least one drop face formed between a leading and 
trailing edge and having an identified and calculated distance; subjecting the moving 
body a fluid, such that the fluid is caused to move about the moving body, and 
particularly the surface of the moving body; and causing the fluid to encounter the fluid 

10 flow regulator, such that the pressure recovery drop induces a sudden drop in pressure as 
the fluid flows over the fluid flow regulator. This effectively induces a sub-atmospheric 
barrier at the base of the drop face. As such, the fluid flow regulator functions to 
optimize fluid flow about the surface of the moving body, thus increasing the 
performance of the moving body in the fluid. The step of featuring preferably comprises 

15 positioning the fluid flow regulator at an optimal pressure recovery point defined as the 
location(s) about the surface at which there is an imbalanced or unequal pressure gradient 
forward and aft of the fluid, thus creating an adverse pressure about the object, which 
adverse pressure gradient induces friction and pressure drag that ultimately increases the 
separation potential of the fluid. However, the fluid flow actuator may be repositioned or 

20 adjusted as needed in response to changing conditions. 

In effect, fluid flow regulator functions to: regulate the pressure gradients that 
exist along the surface by reducing the pressure drag at various locations along the 
surface, as well as the pressure drag induced forward and aft of the moving body, via the 
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pressure recovery drop; increase pressure recovery and pressure recovery potential as a 
result of regulating the pressure gradients and reducing the pressure drag; reduce friction 
drag along the surface as a result of increasing the pressure recovery; and decrease the 
fluid separation and fluid separation potential as a result of the reduction in friction drag. 
5 As mentioned herein, the moving body may comprise various watercraft, aircraft 

and other moving structures or vehicles. Some of these include, the fuselage of an 
airplane or other similar aircraft, the fuselage of a rocket, body or hull of a submarine, the 
body of an automobile, hull of a boat, ship, or other similar watercraft and/or the fuselage 
of a missile. 

10 It should be noted that the foregoing method incorporates all of the features, 

functions, elements, and advantages discussed above and herein. 

The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. In addition, the described embodiments are to 
be considered in all respects only as illustrative and not restrictive. As such, the scope of 
15 the invention is indicated by the appended claims, rather than by the foregoing 
description. All changes which come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 

What is claimed and desired to be secured by Letters Patent is: 
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